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57 ABSTRACT

By conducting two assays for related serological disease
markers 1n a single vessel and arranging for one assay to
orve a signal which increases with increasing concentration
of a first marker while the second assay gives a signal which
decreases with 1ncreasing concentration of a second marker,
and by balancing the respective sizes of the two signals, a
combined signal can be generated which indicates the status
of an individual or a blood donation with respect to the stage
of recovery from the disease.

22 Claims, 3 Drawing Sheets
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1
ONE-POT ASSAY

This application 1s the National Stage of International
Application No. PCT/GB94/00298, filed Feb. 15, 1994,
under 35 U.S.C. 371.

The present mnvention relates to a one-pot double sero-
logical assay for assessing the status of individuals poten-
tially infected with diseases such as hepatitis B.

Hepatitis B is caused by the hepatitis B virus (HBV) and
may be transmitted by blood transfusion (among other
means). Screening of donated blood to detect every donation
capable of transmitting HBV 1s highly desirable but pres-
ently very complex because a number of different tests need
to be completed 1n order fully to characterise the infection
status of the donor and thus to exclude those donations
which may transmit the disease. It 1s now routine to screen
donations for the surface antigen of HBV (designated
HBsAg) and to discard all those giving a positive result (i.e.
those from individuals with an established infection). This
1s, however, not sufficient to remove all potentially infective
donations.

The donors whose samples pass the preliminary screen-
ing for HBsAg be divided into a number of categories as
follows:

1. Never infected
2. Early (acute) infection.
3. Recently resolved acute infection.

4. Recently resolved chronic infection.

5. Fully recovered from infection and immune.

Of these, only donors from categories 1 and 5 may safely
orve blood. Donors 1n category 1 are distinguished by the
absence of all HBV markers. Donors 1n category 2 have no
serologically detectable markers but may be 1dentified by the
presence of genomic material from HBYV using the poly-
merase chain reaction and hybridisation techniques. Donors
in categories 3, 4 and 5 all show some serological markers
of HBV infection but currently can be distinguished only on
the basis of a complex sequence of tests.

In more detail, individuals in category 3 have cleared the
HBsAg itself and mounted an immune response to the core
antigen (HBcAg) but have not produced a protective anti-
body response to the surface antigen. They are therefore
serologically identifiable by the presence of antibody against
HBcAg (i.e anti-HBc) but low or absent anti-HBs. Individu-
als 1n category 4 have had a chronic infection and at some
time would have been regarded as “carriers” of HBsAg; they
lack anti-HBs but have high levels of anti-HBc. Individuals
in category 5, having cleared the infection completely, have
both anti-HBc and anti-HBs, some (hereafter category 5a)
having very high levels of anti-HBs. Individuals 1n category
5a represent an important source of material for the produc-
tion of hyperimmune globulin (“HBIg”) which is valuable
for passive immunisation against HBV infections. Identifi-
cation of this subset of 1mmune individuals i1s therefore
important but at present requires further testing.

If these categories were to be distinguished on the basis of
conventional single assays, a protocol such as the following
would be required:

a) Test for HBsAg;

this 1s mandatory in many
blood transfusion programmes,
positive donations are
discarded.

; all positive donations are
quarantined.

Test for anti-HBc

b)
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-continued

C) Test positives
from test (b)
for anti-HBs 1n a
sensitive and

all positives

with serum anti-HBs of over
0.1 LU./ml are reinstated as
donors (category 5), all others

quantitative are discarded (i.e. categories
test; 3 and 4).
d) Test positives all those found with anti-HBs

from test (c) over 5 [.U./ml are candidates
for anti-HBs 1n an for use inthe production of
insensitive mode; HBIg (i.e. category 5a).

One objective of the present invention 1s to provide a
“one-pot” assay which will enable donations from individu-
als 1n categories 3 and 4 to be excluded from use 1n blood
transtusion and, preferably, also permits identification of
individuals 1n category 5a with high levels of anti-HBs as
opposed to those with moderate but safe levels of anti-HBs
(hereafter category 5b).

In developing an assay to meet these objectives the
present inventors have elucidated certain principles which
may be applied to assays of other diseases where certain
patterns of antibody or other markers might indicate infec-
tivity or a serious 1llness.

The present invention therefore provides a one-pot double

assay process which process comprises

1) contacting, in a single test vessel, first and second
capture agents respectively for first and second sero-
logical disease markers, with a sample suspected to
contain the first and second disease markers, so as to
permit any first and second disease markers in the
sample to bind to the capture agents;

i1) contacting the capture agents with first and second
labelled revealing agents such that the first revealing
agent gives a first signal corresponding to the amount
of first disecase marker in the sample and the second
revealing agent gives a second signal corresponding to
the amount of second disease marker 1n the sample; and

ii1) detecting the combined first and second signals,
wherein the strength of the first signal increases monotoni-
cally with 1increasing concentration of first disease marker 1n
the sample and the strength of the second signal decreases
monotonically with increasing concentration of second dis-
case marker 1n the sample.

The 1nvention will be described below with particular
reference to assays relating to HBV. The principles eluci-
dated below may equally be applied to other diseases.

The assays relating to HBV are illustrated by the figures
of the accompanying drawings 1n which:

FIG. 1 shows the serum concentration of HBV markers
against time since 1nitial infection.

FIG. 2 charts HBV infections 1n terms of serum anti-HBs
versus serum anti-HBc.

FIG. 3 shows the combined signal values for a one-pot
double assay of the invention plotted 1n 3-dimensions
against serum anti-HBs and serum anti-HBc.

FIG. 4 shows the distribution of results for normal serum
in a one-pot double assay of the invention.

The development of serum antigens and antibodies in
HBYV infection can be represented by the time course of the
infection set out 1n FIG. 1 and expressed as a plot of serum
anti-HBs versus serum anti-HBc as shown 1n FIG. 2. In FIG.
1, curve 1 represents the concentration of HBsAg through-
out the course of HBV infection, falling to zero at time W.
The period prior to (left of) time W corresponds with an
acute or chronic infection with HBsAg detectable 1n the
serum. Curve 2 represents the concentration of anti-HBc 1n
the serum of an infected individual. Curve 3 represents the
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concentration of anti-HBs in the serum of an infected
individual. The concentrations of anti-HBc¢ and anti-HBs are
plotted on arbitrary scales and are not necessarily 1 pro-
portion.

Concentration X of anti-HBs corresponds with the mini-
mum safe level (100 milli I.U. per ml) corresponding with
time Y. In the period between times W and Y an individual
1s regarded as falling mto category 3 or 4. From time Y
onwards patients are regarded as recovered and can safely
donate blood (category 5).

In FIG. 2, curve 21 represents the boundary between safe
and infective donors (categories 3 and 4 below and to the
right of the curve, categories 1 and 5 to the left of and above
the curve). Curve segment 21a corresponds with the mini-
mum detectable level of serum anti-HBc such that donors to
the right of the segment, having detectable serum anti-HBc,
are suspect. Curve segment 21b corresponds with the mini-
mum sale level of serum anti-HBs such that donors having
levels above the segment have protective antibodies in
suflicient amounts and are no longer infective even when
serum anti-HBc 1s detectable. Curve 22 shows the minimum
practicable serum concentration of anti-HBs, which may be
used for production of HBIg, (i.e. category 5a i1s above curve
22, category 5b 1s between curves 21 and 22).

In relation to HBYV, the process of the invention comprises
carrying out, sitmultaneously 1n the same test vessel, an assay
for anti-HBs which gives a first signal and an assay for
anti-HBc which gives a second signal, wherein the first and
second signals are combined such that the combined signal
will fall into one of three ranges defined by curves 21 and 22
in FIG. 2, the signals being balanced such that the results for
normal serum overlie the category 5b results. In one
embodiment, this 1s achieved by arranging the tests such that
first and second signals are acquired by the same detector for
instance the first signal increases with increasing concen-
tration of serum anti-HBs and the second signal decreases
with 1ncreasing concentration of serum anti-HBc, the two
signals thus being combined in the detector.

In an alternative embodiment, the signals are acquired by
the same detector but the signal from the anti-HBs assay
decreases with increasing serum anti-HBs and the signal
from the anti-HBc test then increases with 1increasing serum
anti-HBc. In another alternative version the first and second
signals are again in opposite phases but are different (eg
colour intensities) which may be added or subtracted to give
a third colour (or absence of colour) in the category 5b
range.

It will be appreciated that 1t 1s preferable to modulate the
sensifivity of the first and second assays and to arrange that
the maximum size of one of the signals 1s greater than the
maximum size of the other.

This system 1s 1llustrated in relation to the first embodi-
ment above 1n FIG. 3 as follows:

FIG. 3a shows a 3-dimensional plot of combined signal
strength (eg cpm of '*’I) on the vertical (y) axis against
serum concentrations of anti-HBc (x axis) and anti-HBs (z
axis). In this illustration, the first signal increases with
increasing serum anti-HBs (cf curve 31) whereas the second
signal decreases with increasing serum anti-HBc (cf curve
32). Thus at point O (corresponding with no anti-HBs and no
anti-HBc) the combined signal consists only of the maxi-
mum value of the second signal. At point P, corresponding
with high anti-HBc but no anti-HBs, the combined signal 1s
zero. At point Q, corresponding with high anti-HBs and high
anti-HBc the combined signal represents the minimum value
of the second signal (i.e. zero) plus the maximum value of
the first signal (which is greater than the maximum value of
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the first signal). At point R, the combined signal represents
the sum of the maxima of the first and second signals,
corresponding with maximum detectable levels of anti-HBs
and absence of anti-HBc. The possible values of the com-
bined signal thus fall on a surface 30, the shape of which 1s
indicated by curves 32 to 37 corresponding to increasing
anti-HBs antibody ftitres up to a maximum at curve 37.

In FIG. 3a the variation of signal strength with anti-HBs
and anti-HBc concentrations 1s shown as being non-linear
(this being the usual case) and the surface for all combined

signal values 1s therefore non-planar. It 1s not essential that
the variations are non-linear, nor that the surface 1s non-

planar, however 1t 1s important that the two signals are
monotonic and that the surface 1s also unimodal, otherwise

it would not be possible to assign cut-off values as described
below.

Curve 39 1n FIG. 3a represents a preselected cut-off value
of the combined signal 1.e. 1t 1s a contour representing
constant combined signal strength as further emphasised by

the hatched plane 39a. FIG. 3b 1s a plot of serum anti-HBs
versus serum anti-HBc corresponding with the x-z plane of
FIG. 3a; curve 39 from FIG. 3a 1s shown projected onto the
x-Z plane. Also shown 1 FIG. 3b 1s curve 21 from FIG. 2.
Signals less than the cut-off value, hence falling below curve
39 1n FIG. 3b are deemed to represent samples not suitable
for transfusion. A comparison of curves 39 and 21 1n FIG. 3b
shows that the cut-off value 1s selected to allow a safety
margin and clearly to encompass all samples having detect-
able levels of anti-HBc without at least the minimum safe
level of anti-HBs. Judicious adjustment of the sensitivity
and relative signal strengths of the two assays will minimise
the area between curves 21 and 39 thus reducing the number
of samples which are discarded despite actually being sat-
1sfactory for transfusion.

Returning to FIG. 3a, curve 40 shows another cut-off
value of the combined signal. This 1s preselected to identity
category S5a samples. Curve 40 1s also shown 1n FIG. 3b
projected onto the x-z plane where it can be seen to {fall
above curve 22.

In general, assay techniques which afford an increasing,
signal with increasing serum antibody concentration include
those wherein the serum antibody 1s captured using antigen
immobilised as a solid phase and the bound antibody 1is
detected using labelled antigen. Assay techniques which
afford a decreasing signal with increasing serum antibody
concentration include those wherein the antibody 1s captured
using an excess of antigen immobilised as a solid phase and
the residual amount of solid phase antigen 1s detected using
further, labelled antibody. Other assay techniques, for
instance sandwich assays and competitive assays, are readily
available to those skilled in the art. In the case of HBV at
least, many suitable assay techniques for serological mark-
ers of infection are already published. For other diseases
such as CMYV and EBY, suitable assay techniques are also
available or may be developed without undue difficulty by
those skilled 1in the art. In relation to assays for HBV
markers, reference 1s made to Tedder et al., J. Med. Virol., 6,

323-332 (1980) and Ferns and Tedder, J. Virol. Methods, 11,
231-239 (1985). The techniques described in these refer-
ences may readily be adapted for use 1n anti-HBc and
anti-HBs assays for use 1n the present invention. The choice
of the type of assays adopted 1s not critical to the invention,
but it 1s 1important that the two signals are 1n opposite phases
(as described above) and it is preferred that the sensitivity
and relative signal strengths of the two assays are selected to
afford a suitable combined signal.

Labelling and the detection of labels 1s within the ability
of those skilled 1n the art and many labels and detection
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techniques are readily available. Examples of suitable labels
include radioisotopes, fluorophores, chromophores and
enzyme and luminescent labels. It 1s preferred that the same
label 1s used 1n both the first and second assays as this
facilitates combination of the first and second signals. Thus,
for 1nstance, 1f both assays are conducted using identical
radioisotope labels, 1t 1s a stmple matter to read the com-
bined radioactivity of the two labels, 1.e. to obtain the
combined signal. Similarly, if identical fluorescent labels are
used, the total fluorescent light emission can be detected as
the combined signal. This is particularly convenient where
the assay 1s to be automated. In some situations i1t may be
preferable to give a colour signal. In this instance the signal
might be the same for both assays so that it is the intensity
of colour which provides the combined signal. Alternatively
two different colour labels may be used, 1n which case one
assay will give one colour signal and the other a second
colour, the combined signal will be a third colour or absence
of colour representing the result of colour addition or
subtraction (depending on whether a reflection or transmis-
sion system 1s used for reading the colours).

Modulation of sensitivity and signal strengths of such
assays 1s also within the ability of those skilled in the art.
Typically this will involve conducting chequerboard tests
where one variable 1s modified against another to define a
matrix of results, from which suitable values of each vari-
able may be selected. These techniques will be further
explained below by reference to a radioimmunoassay system
in accordance with the invention for assessing the potential
infectivity of blood donors previously infected with HBYV.

A radioimmunoassay 1n accordance with the present
invention comprises a first assay for anti-HBs and a second
assay for anti-HBc both conducted 1n a test vessel compris-
ing a solid substrate having HBcAg and HBsAg (i.e. capture
agents) bound to it. The sample and labelled reagents, i.e.
radiolabelled anti-HBc and radiolabelled HBsAg (eg '*’1
labelled) are added to the substrate simultaneously and
incubated therewith or the sample 1s added and incubated
with the substrate and the labelled reagents are added
subsequently (together or in any order) and incubated with
the substrate. Washing steps may be included as necessary or
desirable.

The antibodies bind to the immobilised antigens and

labelled anti-HBc binds to the excess immobilised HBcAg.

Thus (after washing) the signal from the labelled anti-HBc
indicates the amount of remaining immobilised HBcAg and
thus decreases with increasing serum anti-HBc. Meanwhile
the labelled HBsAg binds to bound anti-HBs and the signal
(after washing) due to this label thus increases with increas-
ing serum anti-HBs.

The combined signal from both radiolabels (i.e. measured
radioactivity bound to the substrate) is then compared with
standards generated using control materials and assigned to
one of the areas of FIG. 2.

It 1s preferred that the assay for anti-HBc 1s designed to be
relatively sensitive and to give a zero signal at high levels of
serum anti-HBc and a maximum signal at zero concentration
of serum anti-HBc. Between these limits a cut-off signal
value 1s selected corresponding to the minimum detectable
level of anti-HBc, samples giving a signal less than the
cut-off value would be considered to contain anti-HBc and
thus to be unsafe for transfusion 1n the absence of anti-HBs.
In assays of this type a cut-off point of 50% of the maximum
signal 1s generally considered acceptable 1n a single assay
system but 1n the present one-pot double assay it 1s preferred
to set the cut-off point below 50%, preferably 1n the region

of 25% of the maximum signal, 1.e. further distancing the
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cut-off point from the spread of “normal” results which
would be expected from assaying serum containing no
anti-HBc. Adjustment of the amount of HBcAg immobilised
on the substrate relative to the sample volume and dilution
and adjustment of the quantity of labelled anti-HBc relative
to the amount of immobilised HBcAg permit the required
cut-off point to be set at the preselected fraction (eg 25%) of
the maximum signal strength.

The assay for anti-HBs 1s preferably designed to be less
sensitive (than the assay for anti-HBc) but to give a wide
spread of signal strengths over the range of anti-HBs con-
centrations likely to be encountered. It 1s presently consid-
ered that the minimum safe level of anti-HBs 1s 1n the region
of 100 mlli I.U. per ml. and the amounts of 1mmobilised
HBsAg relative to the sample volume and dilution, and the
amount of labelled HBsAg used relative to the amount of
immobilised HBsAg are adjusted such that the combined
signal from serum anti-HBs at the minimum safe level added
to the signal derived from serum anti-HBc at the minimum
detectable level 1s not more than a second preselected cut-oft
value, which 1s clearly below the spread of signals which 1s
generated by normal serum (having effectively zero serum
anti-HBc) and is therefore preferably set at about half (50%)
of the signal given by normal or “negative” serum (i.e.
serum containing no anti-HBc and no anti-HBs).

The second cut-off value represents the combined signal
from serum containing the minimum detectable level of
anti-HBc and the minimum safe level of anti-HBs. Any
category 3 or 4 serum will fall below the second cut-oft
value as a result of the opposite phases of the two assays as
can be seen from FIG. 4.

In FIG. 4, curve 41 represents the normal distribution of
signals for normal (category 1) serum in the one-pot double
assay and the mid-line of the Gaussian curve at point A thus
corresponds with the combined signal generated in the
one-pot double assay of the mvention for negative serum
containing no anti-HBs and no anti-HBc. To the left of point
A, 1.e. representing decreased combined signal strength,
point B represents the minimum signal obtained in the
one-pot double assay for samples with high serum anti-HBc
and zero serum anti-HBs. Point C represents 25% of the
signal strength at A (i.e. 75% inhibition of the maximum
signal from the anti-HBc assay) and is the first cut-off value
corresponding with serum containing the minimum detect-
able level of anti-HBc. Point D represents 50% of the signal
strength at A and corresponds with the second cut-off value,
1.€. the combined signal due to the minimum detectable level
of anti-HBc plus the minimum safe level of anti-HBs.

Curve 39 i FIG. 3 corresponds with point D in FIG. 4.
Samples having equal to or more than the minimum detect-
able level of anti-HBc coupled with no more than the
minimum safe level of anti-HBs will give a combined signal
which 1s no more than that indicated by point D. In other
words, any combination of serum anti-HBs and serum
anti-HBc corresponding to categories 3 and 4 gives a
combined signal strength at or below (to the left of) the
second cut-off value at pomt D. In order to give a signal to
the right of point D the samples must have less than the
minimum detectable level of anti-HBc (category 1) or else
they contain at least the minimum safe level of anti-HBs
whether or not anti-HBc 1s also present and therefore
correspond with category 5.

Although not essential to the invention 1t 1s of great
benefit to define a further cut-off value (shown in FIG. 4 at
E) to the right of A and corresponding to a signal from
samples with or without anti-HBc¢ which contain at least the
lowest concentration of anti-HBs considered sufficient for
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the donation to be used for recovery of HBIg, currently
considered to be 10 I.U. per ml. Thus any sample having a
combined signal at or to the right of pomnt E in FIG. 4
corresponds to Category 5a. Point E 1 FIG. 4 corresponds
with curve 40 1n FIG. 3.

Assays according to the present invention are conducted
in a single vessel, eg 1n a single well of a microtitre plate or
in a test tube. The capture agents may be 1n the liquid phase
if no washing steps are contemplated or if the test protocol
calls for immobilisation or agglutination at a later stage
before washing. Otherwise the capture agents will be 1mmo-
bilised ab initio, for instance by binding to the walls of the
test vessel or to a solid substrate such as beads 1n the test
vessel. Samples of blood for testing may be pretreated 1n any
conventional manner, eg by removal of erythrocytes (which
1s particularly important where they would interfere with a
colour signal). The signals from the assay of the invention
may be detected and recorded 1in any conventional manner.

The present invention also relates to a kit comprising a
test vessel, capture agents and labelled reagents for conduct-

ing an assay according to the invention. The kit may
optionally also comprises additional materials such as test

buffers, washing buflfers, revealing agents for detecting the
labels, standard solutions of HBsAg, HBcAg, anti-HBs,

anti-HBc and negative sera, or lyophilised powders for
reconstitution and optionally also comprises mstructions for
conducting the one-pot assay.

The 1nvention will now be 1illustrated by the following
Examples which are not intended to limit the scope of
protection 1n any way.

EXAMPLE 1

Radioimmunoassay Assays were conducted 1n microtitre
plate wells coated with HBsAg and HBcAg as capture
agents. Test sera (100 ul each) were incubated in the wells
at 45° C. for two hours. Revealing agents, respectively
125]-labelled HBsAg and **°I-labelled anti-HBc, were added
(100 ul total) and incubated as before. After a final wash,
label-binding was determined by counting 1n a multi-well
counter.

The effects of various concentrations of anti-HBc alone
and of various concentrations of anti-HBs 1n the presence of
low level anti-HBc were 1nvestigated.

The test sera and results are set out below:

Test Material 121 binding (dpm)
Normal human serum (NHS)* 2,500
NHS plus 1 anti-HBc (cut 1,179
Gﬁ)#“’ﬂ

NHS plus 1/100 anti-HBc 738
NHS plus 1/30 anti-HBc 593
NHS plus undiluted anti-HBc™ 199
Weak anti-HBc plus 1/100 744
anti-HBs™™

Weak anti-HBc plus 1/30 1,015
anti-HBs

Weak anti-HBc plus 1/10 1,682
anti-HBs

*NHS 1s pooled standard material which has tested negative for all known

HBYV markers.
**this 1s a dilution of anti-HBc selected to conform with the cut-off point in

commercially available diagnostic kits.
"undiluted anti-HBc 1s standard material representing the amount of anti-HBc

found in the serum of a majority of previously infected patients | Tedder, R.

S. et al., J.Med.Virol., 6, 323-332 (1980)]
"rundiluted anti-HBs 1s standard material obtained by pooling serum from

vaccinated individuals [ibid].

This assay shows that the addition of low levels of anti-HBs
to a serum can mask detection of low but otherwise detect-
able levels of anti-HBc (eg 1/30 anti-HBc) in that serum.
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EXAMPLE 2

Radioimmunoassay

A second assay was conducted as set out for Example 1.
The assay was calibrated using control sera giving results as
follows:

Sample 11 (dpm)
NHS 916
Cut off* 659
Anti-HBs 4153

*1.e 1/30 anti HBc plus 1/100 anti-HBs

This permitted identification of the following limit values
(125Ldpm)

Anti-core only <659
Negative (uninfected) 659 to 1318
safe >1318

Serum samples submitted for routine diagnostic assays were
also tested 1n the assay of the invention. In the table below
the samples are classified according to the results of the
routine assays 1nto the following groups:

No detectable markers of HBV
infection or immunisation against
HBV.

These were defined to contain
anti-HBc by competitive RIA but
were unreactive 1n assays for
anti-HBs and HBsAg.

These were defined as sera
containing both anti-HBc and anti-
HBs.

These were defined to contain
anti-HBs alone (>10 [U/ml) by
immunometric RIA but were
unreactive 1n assays for HBSAg and
anti-HBc. These were taken from
immunised patients.

“U” (Uninfected)

“C” (Anti-HBc alone)

“I” (Immune sera)

“S” (Anti-HBs alone)

The table below also shows the results of the assay accord-
ing to the invention and the interpretation of that result
which can be compared with the results of the routine
diagnostic assays.

Result
Test Sera Group Notes* (**> dpm) Interpretation
1. U 971  Negative
2. U 971 Negative
3. U 916  Negative
4. U 911  Negative
5. U 898  Negative
6. U 1,004  Negative
7. U 1,047  Negative
8. U 987 Negative
9. C Weak anti-HBC 609  Weak anti-core
(at c/o)
10. C 152 anti-core
11. C weak anti-HBc 660  weak anti-core
(above c/o)

2 C 239 anti-core
3 C 299  anti-core
4 C 225  anti-core
5 C 584  anti-core
6 [ 20 154  anti-core
7 I =250 1,807 anti-HBs
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-continued
Result
Test Sera Group Notes* (**> dpm) Interpretation
18. [ 220 3,075 anti-HBs
19, [ 50 2’79  anti-core
20. [ >250 1,330 anti-HBs
21. [ >250 4,249  anti-HBs
22. [ >250 2,737 anti-HBS
23. [ 250 1,409 anti-HBs
24. S 100 996 Negative
25. S 100 1,227 Negative
26. S 50 1,384 anti-HBs
27. S =15 1,018 Negative
28. S 200 1,151 Negative
29. S >250 2,707 anti-HBs
30. S >250 22174 anti-HBs
31. S 130 1,185 Negative

*For sera in group I (anti-HBC plus anti-HBs) and in group (anti-HBs only)
the concentration of HBs 1s given in mIU.

All “negative” and “anti-HBs” sera (interpretation
column) are safe for blood transfusion.

The assay was able to differentiate between sera contain-
ing anti-HBc alone and sera containing anti-HBs at high
level, with or without anti-HBc. In addition it correctly
assigned sera containing anti-HBc with low but protective
levels of anti-HBs to the “anti-core only” range. This 1s
important 1n that the assay correctly i1dentified sera which
contained HBV markers likely to be associated with disease
fransmission by blood donation; examples of such sera are
samples 13, 14, 16 and 19, being those which are anti-HBc
positive but which contained anti-HBs <200 mlV.

EXAMPLE 3

Elisa

In this experiment samples were incubated for one hour at
37° C. in test wells coated with HBsAg and HBcAg.

Anti-HBs and anti-HBc, each labelled with horseradish
peroxidase (HRPO) were added to the well and incubated

for one hour. After a second washing, the bound conjugate
(comprising both HBsAg-HRPO and anti-HBc-HRPO) was

detected by incubating with substrate (TMB). The colour
reaction was stopped and the OD of the reaction determined.
The results were as substrate follows:

Test Material OD 450 nm
Normal human sera (NHS) 1.05
NHS containing 250 mIU anti-HBs 1.20
NHS containing 500 mIU anti-HBs 1.77
NHS containing anti-HBc alone 0.21
NHS containing anti-HBc and 250 0.88

mlIU anti-HBs

In this experiment the assay as described was able to detect

serum containing only anti-HBc and the signal indicating
anti-HBc was quenched by the addition of 250 mlIU/ml
anti-HBs.

EXAMPLE 4

Elisa

A further experiment was conducted as 1n Example 3 but
with the anti-HBc components altered twofold (reduced
conjugate of anti-HBc) in order to increase the sensitivity of
the anti-HBc detection. All other parameters remained
unchanged. The results were as follows:
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Test Material OD 450 nm
NHS 0.86
NHS containing 250 mIU anti-HBs 1.25
NHS containing 500 mIU anti-HBs 1.52
NHS containing anti-HBc alone 0.10
NHS containing anti-HBc and 250 0.73

mlIU anti HBc

The assay was again able to detect the serum containing
anti-HBc alone. There was better discrimination between the
normal human serum and serum containing anti-HBs alone
as a result of the modification in the anti-HBc components.
I claim:
1. A serological assay process for detecting a hepatitis B
infection which comprises
1) contacting, in a single test vessel, first and second
capture agents respectively for first and second sero-
logical markers of hepatitis B infection, with a sample
derived from a patient suspected to suffer from a
hepatitis B infection, said sample suspected to contain
said first and second markers, so as to permit any first
and second disease markers 1n said sample to bind to
said capture agents;
i1) then contacting said capture agents with first and
second labelled revealing agents bearing first and sec-
ond labels respectively such that said first revealing
agent gives a first signal corresponding to the amount
of said first marker in said sample and said second
revealing agent gives a second signal combinable with
said first signal and corresponding to the amount of said
second marker 1n said sample;
i11) combining said first and second signals into a third
signal,
iv) detecting said third signal, and

v) correlating the presence or absence of a heptitis B
infection 1n said patient with the strength of the third
signal, wherein the strength of said first signal increases
monotonically with increasing concentration of said
first marker 1n said sample and the strength of said
second signal decreases monotonically with increasing,
concentration of said second marker 1 said sample.

2. A process according to claim 1 weherein said sample 1s
a blood donation.

3. A process according to claim 1 wherein said first
marker 1s antibody against hepatitis B surface antigen.

4. A process according to claim 3 wherein said first
capture agent 1s hepatitis B surface antigen.

5. A process according to claim 3 wherein said first
revealing agent 1s labelled hepatitis B surface antigen.

6. A process according to claiam 1 wherein said second
marker 1s antibody against hepatitis B core antigen.

7. A process according to claim 6 wherein said second
capture agent 1s hepatitis B core antigen.

8. A process according to claim 6 wherem said second
revealing agent 1s labelled antibody against hepatitis B core
antigen.

9. A process according to claim 1 wherein said first and
second capture agents are bound to solid supports.

10. A process according to claim 9 wherein said first and
second capture agents are bound to the same solid support.

11. A process according to claim 10 wherein said solid
support 1s the surface of a well of a microtitre plate.

12. A process according claim 1 wheremn said first and
second revealing agents bear the same label.

13. A process according to claim 12 wherein said label 1s
a radioisotope.
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514. A process according to claim 13 wherein said label 1s
12 I

15. A process according to claim 12 wherein said label 1s
an enzyme.

16. A process according to claim 15 wherein said label 1s
horseradish peroxidase.

17. A process according to claim 16 wherein said first and
second revealing agents bear the same label, and said label
1s selected from the group consisting of radioisotopes and
enZymes.

18. A process according to claim 17 wherein said sample
1s a blood donation.

19. The process of claim 1 1in which the first label 1s a first
color and the second label 1s of a second and different color,
and said first and second colors are combined to yield a third
color or an absence of color as the third signal.

20. The process of claim 1 wherein said labels are both
fluorescent labels, and the third signal 1s the total fluorescent
light emission.

21. The process of claim 1 wherein said labels are both
radioactive labels, and the third signal 1s the combined
radioactivity.

22. A serological assay process for detecting a hepatitis B
infection which comprises

(i) contacting, in a single test vessel, first and second
capture agents respectively for first and second sero-
logical markers of hepatitis B infection, with a sample
derived from a patient suspected to suffer from a
hepatitis B infection, said sample suspected to contain
said first and second markers, so as to permit any first
and second markers 1n said sample to bind to said
capture agents,

10

15

20

25

30

12

(11) then contacting said capture agents with first and
second labelled revealing agents, bearing first and
second labels, respectively, such that said first revealing
agent gives a first signal corresponding to the amount
of said first marker 1n said sample and said second
revealing agent gives a second signal combinable with
said first signal and corresponding to the amount of said
second marker 1n said sample;

i11) combining said first and second signals into a third
signal,

iv) detecting said third signal, and

(v)correlating the presence or absence of a hepatitis B
infection in said patients with the strength of the third
signals,

wherein the strength of said first signal increases monotoni-
cally with increasing concentration of said first marker in
said sample and the strength of said second signal decreases
monotonically with increasing concentration of said second
marker 1n said sample, the first and second disease markers
being markers of hepatitis B infection, the first marker being
antibody against hepatitis B surface antigen, said first cap-
ture agent being hepatitis B surface antigen, said first
revealing agent being labelled hepatitis B surface antigen,
sald second marker being antibody against hepatitis B core

antigen, said second capture agent being hepatitis B core
antigen, said second revealing agent being labelled antibody
against hepatitis B core anfigen and said first and second
capture agents being bound to the same solid support.
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